floor of a high-rise office building in the Century City area of b s Angeles. The h e was extensive and nary insufficiency and death.' The duration of the exposure to the smoke and the occurrence of the exposure in a confined space are two of the factors that help determine the severity of the pulmonary consequences of inhalation of smoke? Additional factors are the nature and quantity of the products of combustion of the materials consumed in the fire and the degree to which these products are inhaled along with the smokea3 These latter factors have assumed particular significance in recent years, with the increased use of synthetic plastic materials in the construction of buildings. The particular hazard of the toxicity of polyvinylchloride in fires has recently been discussed4
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The present report documents the appearance of Because of the finding of hypoxemia in these two patients, despite a relative paucity of symptoms, the Fire Department was notified, and most of the firemen who had been engaged in the front line of the fire were requested to report to the emergency room at the University of California, Los Angeles, RESULTS for evaluation for possible adverse pulmonary effects of exposure to some noxious combustion products involved in the fire. The initial arterial blood gas values of the 21 firemen evaluated are indicated in Table 1 . The values for Pa02 in 14 subjects were less than or equal to 76 mm H g and were more than two standard deviations below the predicted value (based on the data of Sorbini et a16), despite the presence of hyperventilation (PaC02, 25 to 36 mm H g ) , which should have increased the alveolar oxygen pressure (PAO~) and consequently the PaG. These subjects were admitted to the hospital for further observation and received supplemental therapy with oxygen for approximately two hours. Although the other seven firemen had higher values for Pa02 ( 2 79 rnm Hg ) , these patients were also hyperventilating (PaCOo, 24 to 37 mm Hg ), with the result that the alveolararterial oxygen pressure difference
MATEMAIS
mated by assuming a respiratory quotient of 0.8 was -rrl l =n -abnormally widened in six of these subjects. These initidly studied returned for fnrther of their resd respiratory subjects were not hospitalized.
questionnaires and detailed studies of pubnary furaction.
By the f o l l h g morning the two firemen who had initially been symptomatic recovered complete- Pa02 in all of the 13 hospitalized subjects in whom p h w n e (PI; tele~hone cable carbon monoxide repeated measurements were made. In addition, the estimated P( A-a ) 0 2 improved in all five of the firemen with an initially abnormal value who were not hospitalized but returned to the emergency room for repeated studies of blood gas levels ( Table 1 ) . The average individual improvement in Pa09 in those patients who originally had significant hypoxemia was 24.7 mm Hg, and since the values from repeated determinations of PaCO2 had returned to or toward normal in most of the subjects, the mean decrease in the estimated P( A-a ) 0 2 was probably even greater. Although the values from repeated determinations of arterial Pa02 were within the predicted normal limits for age in all subjects in whom repeated measurements were made, in three of the hospitalized patients (patients 1,9, and lo), the estimated P( Aa)O2 was still slightly abnormally widened. All subjects were released within 24 hours of hospitalhation.
One month later, all 21 firemen were asked to complete a detailed respiratory questionnaire and underwent a repeat physical examination and a battery of pulmonary function studies. The results of these studies, which will be reported separately, showed no apparent relationship between a history of cigarette smoking, the presence of chronic respiratory symptoms, or abnormalities of pulmonary function and the degree of hypoxemia that developed following the episode of inhalation of smoke.
Because of the possibility that the transient hypoxemia observed in these firemen was related to inhalation of noxious chemicals released during the combustion of materials burned in the fire, the chemistry laboratory of the Los Angeles Fire Department collected representative uncombusted samples of the same materials as those consumed in the fire and analyzed the products released during the burning of these samples. Representative materials found at the scene of the fire are listed in Table   2 , along with the major toxic chemical products of combustion. It is of note that several of the latter are well-known pulmonary irritants.
Because of the finding of mild to moderately severe hypoxemia in nearly all of the firemen who were in the front line of the high-rise fire in the Century City area on Nov 12, 1W4, it was obvious that definite respiratory irritation had occurred, de- spite the general lack of respiratory symptoms. Therefore, an effort was made to discover the source of the pulmonary irritants. Plastic material containing polyvinylchloride was present in relatively large quantities as floor coverings (tiles ), wall coverage (0.021 inch ), and telephone cable (0.031 inch) in the burned out section of the office building ( Table  2 ) . One of the hazards of fires occuring in buildings containing materials made of polyvinylchloride is the production of a highdensity smoke which may be 4 to 14 times more dense than that which develops in fires involving common constructional timber under similar condition^.^ Vinyl-based coverings can release relatively high concentrations of hydrogen chloride gas when combusted. Each kilogram of polyvinylchloride can produce, upon complete combustion, about 0.4 kg of hydrogen chloride gas.' The polyvinylchloride plastic starts to evolve hydrogen chloride gas at relatively low temperatures (200°C to 30O0C ) . Since the fire properties of surface coverings are known to be substrate-dependent, the generation of smoke and production of noxious gases, as well as the surface flammability, will depend on the material with which the polyvinylchloride or other substances are in contact.$ Polyvinylchloride also produces moderate amounts of phosgene and high concentrations of carbon In addition to polyvinylchloride, the fire properties of which have been the most intensively studied, other plastics and synthetic materials, including acrylics, Acrilan, and nylons, were involved in the present fire (Table 2) . On overheating, these substances can decompose and emit acrolein, ammonia, and oxides of nitrogen, all of which are capable of causing pulmonary i n j~r y ,~* '~ especially under conditions of poor ventilation, when the l d amcentrations of these irritating substances are i n d
Although the h e n all used a self-contained breathing apparatus while fighting the fire in the Century City area, some admitted that they removed the breathing masks for short periods of time when they visually estimated that the smoke conditions were not hazadms. The fact that these firemen nearly all exhibited hypoxemia and hyperventilation two to ten hours after eqmsure to the fire isofpartiaJarinterest,sincedbutmeoftbe firemen were essentially asymptomatics and all had normal chest x-ray fUms and normal findings on physical examinations. The short-term changes in blood gas levels undoubtedly represented subclini d respiratory irritation, most likely frw noxious chemicals inhaled at the scene of the fire, resulting in abnormalities in gas exchange and stimulation of airway or plLwnary rwepton* or both, with increased alveolar ventilation. Less than 24 hours later, oxygenation had improved in all subjects, although residual mild widening of the P( A-a)G in three subjects may have reeither underlying chronic obstructive prlmolrary diseare (two of the three subjects were regular smokers and were the only hemen who complained of chronic cough) or residual effects of respiratory irritation, or both.
Although studies have not been performed in large numbers of &ewn to determine the presence and extent of arterial hypoxemia after exposure to smoke from an ordinary fire, we have demonstrated that signi6-t hypoxemia does occur in asymptomatic firemen without underlying respiratory disease or pulmonary functional impairment after exposure to d e containing pulmonary irritants produced by the combustion of plastics and other synthetic materials. Although the hyporemia which developed was often moderately severe* it was fortunately short-lived; however, a longer duration or a greater intensity of exposure to the same irritants, or both, might have resulted in less readily reversible pulmonary changes. Moreover, the concomitant occurrence of carboxyhemoglobinemia secondary to the inhalation of carbon monoxide would be expected to magdy the impairment in oxygen transport resulting from hypoxemia, thereby increasing the risk of development of acute cardiac or cerebral complications of curtailed delivery of oxygen to the tissues. A sigdcantly higher resting level of carbaxyhemoglobin has been found in Oklahoma City firemen, even during he-free intervals, compared with a matched group of no&emen.l1 That these findings probably have clinical sigdcance is suggested by the demonstration of a high incidence of iscbemic response to a standard ne&-maximal exercise test in Los Angeles firemen, when compared to a comparable group of no&emen.12 Consequently, preventive measures, such as the uninterrupted use of an effective breathing apparatus should be scrupulously observed by firemen exposed to smoke and noxious fumes, particularly from burning pol yvinylchloride and other plastics, and temporary oxygen supplementation should be considered iis a precautionary therapeutic measure in even asymptomatic firemen following any intense exposure to smoke. Additional studies, including measurements of arterial blood gas levels and carboxyhemoglobin determinations, are required to ascertain the short-term pulmonary effects of exposure to the products of combustion of
